Abstract
Introduction
Cardiovascular disease (CVD) is the leading cause of global mortality and a growing worldwide public health problem [1] . Since prediction of CVD risk has an important role in CVD prevention, many attempts have been made to refine and improve the risk assessment criteria [2] . Though traditional risk factors such as age, systolic blood pressure (SBP), smoking status, and total cholesterol level are well established predictors of CVD risk, these factors do not fully account for the increased CVD risk [2, 3] . Recently some parameters associated with inflammation, oxidative stress, insulin resistance, and endothelial dysfunction have been reported that are better at risk stratification in CVD [4] . The serum triglyceride to high-density lipoprotein cholesterol (TG/HDL-C) ratio, which is known as an atherogenic index of plasma, is one such parameter [5] . The serum TG/HDL-C ratio is considered to be a better indicator of insulin resistance and CVD risk than are other lipid profiles [6] . The predictive role of the TG/HDL-C ratio on CVD risk has been analyzed in patients with several disorders such as coronary heart disease, diabetes mellitus (DM), and hypertension [3, [7] [8] [9] . Although accumulating evidence supports the predictive power of the TG/HDL-C ratio in general and in certain subgroups, very few studies analyzed this in patients with renal dysfunction [4, 10] . The TG/HDL-C ratio has also not been included in several studies that examined the association between dyslipidemia and CVD risk in patients with renal impairment.
The aim of this study was to investigate the predictive role of the TG/HDL-C ratio according to renal function. This is an observational study that uses a nationwide registry to determine whether the TG/HDL-C ratio could predicts major adverse cardiovascular events (MACEs) in patients with acute myocardial infarction (AMI) who were stratified according to renal function.
Materials and Methods

Study design and population
The study population was derived from the Korea Acute Myocardial Infarction Registry (KAMIR) database. The KAMIR is a prospective, multicenter, on-line registry of AMI patients in Korea that is been supported by the Korean Society of Cardiology since November 2005. From November 2005 to July 2008, 13,897 patients diagnosed with AMI were enrolled in the KAMIR database. We excluded patients with in-hospital death or who were lost to follow-up within 12 months of AMI. Also, patients who lacked data necessary for the calculation of the TG/HDL-C ratio or estimated glomerular filtration rate (eGFR) were excluded, as were patients with no data on coronary angiography or failed percutaneous coronary intervention (PCI). Additionally, patients missing data about medications were not included. Overall, as shown in Fig 1, a total of 7,016 patients were enrolled in this study. Because the TG/HDL-C ratio was not normally distributed in the study population, we stratified the patients into tertiles according to their TG/HDL-C ratio: low (< 1.84, n = 2339); middle (! 1.84 to < 3.35, n = 2,338); and high (! 3.35, n = 2,339).
After investigating the predictive value of the TG/HDL-C ratio in the entire study population, we then analyzed the population separately according to renal function: normal renal function group (n = 2,021); mild renal dysfunction group (n = 3,581); and moderate renal dysfunction group (n = 1,414). All study procedures complied with the ethical guidelines of the 1975 Declaration of Helsinki, as revised in 2000. The study protocol was approved by the institutional review board of all centers, and the approval number was 05-49 of Chonnam National University Hospital. The participating sites are listed in an appendix. Given the retrospective design of the project, this institutional review board waived the need for consent. The format recommended by the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines [11] were used in conducting the study.
Variables and definitions
Baseline variables included age, gender, body mass index (BMI), and several cardiovascular risk factors such as hypertension, DM, dyslipidemia, current smoking, and previous coronary artery disease (CAD) . Laboratory findings including lipid profile and cardiac markers, and medications prescribed at discharge were recorded. Renal function was defined by eGFR. The eGFR was calculated using the Modification of Diet in Renal Disease (MDRD) study equation: [12] . Normal renal function, mild renal dysfunction, and moderate renal dysfunction were defined as eGFR ! 90 mL/min/ 1.73m 2 , ! 60 to < 90 mL/min/1.73m 2 , and < 60 mL/min/1.73m 2 , respectively. The TG/ HDL-C ratio was calculated as TG (mg/dL) divided by HDL-C (mg/dL). For both whole study population analysis and subgroup analyses, patients were divided into three groups according to TG/HDL-C ratio tertile.
Study outcomes
The primary outcome of this study was 12-month MACEs, including cardiac death, recurrent MI, and repeated percutaneous coronary intervention (target lesion or target vessel revascularization, or non-target vessel revascularization) or coronary artery bypass grafting (CABG). Cardiac death was defined as death from arrhythmic causes or mechanical complications including free wall rupture and ventricular septal rupture. Recurrent MI was defined as recurrent clinical features with new electrocardiographic findings that were compatible with MI, or increased levels of biochemical markers.
Statistical analysis
All statistical analyses were performed using SPSS software version 19.0 (SPSS Inc., Chicago, IL, USA). A p value < 0.05 was considered to be statistically significant. Presence of the normal distribution was evaluated using the Kolmogorov-Smirnov test. Continuous variables are presented as means ± standard deviations (SDs), and categorical data are reported as frequencies and percentages. The Chi-squared test, Kruskal-Wallis test, and one-way ANOVA were used to compare the baseline characteristics of patients classified by tertile of TG/HDL-C ratio or renal function. Survival curves were used to investigate the effect of TG/HDL-C ratio tertile on 12-month MACEs. Multiple Cox proportional regression analysis was used to investigate the independent association of the TG/HDL-C ratio with MACEs after adjustment for several confounders. The TG/HDL-C ratio and eGFR were included as categorical variables in these models. The fully adjusted Cox proportional regression model was adjusted for age, gender, body mass index (BMI), HTN, DM, smoking, and previous CAD. The results are presented as hazard ratios (HRs) ± 95% confidence intervals (CI) and statistical significance is indicated.
Results
Baseline characteristics
A total of 7,016 patients who were diagnosed with AMI were included in this study. Baseline characteristics of the study population across tertiles of TG/HDL-C ratio are summarized in Table 1 . The average age of the study subjects was 62.3 ± 12.3 years, and 73.3% were male. The frequencies of hypertension, DM, and dyslipidemia were 47%, 26.5% and 10.4%, respectively. There was a stepwise relationship between the TG/HDL-C ratio and cardiovascular risk factors. Patients with TG/HDL-C ratio value in the highest tertile more often had hypertension, DM, and dyslipidemia. There were some significant differences between the TG/HDL-C ratio subgroups in terms of medications they were prescribed at discharge. (Table 3) . As shown in Table 1 , about 69% of patients were prescribed ACE inhibitors as a discharge medication. Several studies have shown a relationship between ACE inhibitors and the lipid profile, especially the atherogenic index [13] . We then, analyzed the groups of patients separately according to ACE inhibitor usage to investigate whether these drugs had an impac on Comparison between patients with low, middle, and high tertile of TG/HDL-C ratio. MACEs. Cox regression analysis showed that ACE inhibitor usage was not significantly associated with a higher prevalence of 12-month MACEs in this study population (HR, 0.875; 95% CI, 0.74-1.04; p = 0.124) ( Table 3) .
Outcomes according to the TG/HDL-C ratio tertiles
Analysis of subgroups stratified according to renal function
We then, performed subgroup analyses to determine the prognostic value of the TG/HDL-C ratio according to renal function. Patients were classified into three categories by their eGFR: 2,021 (28.8%) with eGFR ! 90 mL/min/1.73m 2 ; 3,581 (51.0%) with eGFR ! 60 to < 90 mL/ min/1.73m 2 ; and 1,414 (20.1%) with eGFR < 60 mL/min/1.73m 2 . Table 4 shows a Comparison of the baseline characteristics between the groups. Patients with lower eGFR were likely to be older and to have a higher prevalence of hypertension, DM, current smoking, and previous CAD. There was a stepwise relationship between renal function and levels of hsCRP and proBNP. Patients with lower eGFR had higher levels of hsCRP and proBNP. Fig 3 shows 12 -month MACEs free survival across the TG/HDL-C ratio values in subgroup analyses according to renal function. The log-rank test revealed a significant association between the TG/HDL-C ratio and MACEs-free survival in the normal renal function and mild renal dysfunction groups (Fig 3A and 3B ; p = 0.018, and p = 0.023; respectively). However, the higher TG/HDL-C ratio lost its predictive value in patients with moderate renal dysfunction (Fig 3C; p = 0.450) .
The HRs given TG/HDL-C ratio tertile were analyzed using Cox regression analysis in a crude model, as well as in a model adjusted for age, gender, and traditional cardiovascular risk factors such as BMI, hypertension, DM, previous CAD, dyslipidemia, and current smoking. We also adjusted for medications that have been reported to be associated with lipid profile (Table 5 ). In the crude model, tertiles of TG/HDL-C ratio were significantly associated with increasing risk for 12-month MACEs in individuals with normal renal function and mild renal dysfunction (p = 0.006, and p = 0.009, respectively). However, in patients with moderate renal dysfunction, the TG/HDL-C ratio lost its predictive effect on 12-month MACEs (p = 0.262). The predictive value of TG/HDL-C ratio for 12-month MACEs remained similar pattern even when adjusting for covariates in the analyses.
We also analyzed patients in according to subdivide renal function [normal renal function (eGFR ! 90 mL/min/1.73m
2 ), mild renal dysfunction (eGFR ! 60 to < 90 mL/min/1.73m 2 ), moderate renal dysfunction (eGFR ! 30 to < 60 mL/min/1.73m 2 ), and severe renal dysfunction (eGFR < 30 mL/min/1.73m
2 )]. These analyses showed the same results (S1 Table) .
Discussion
To our knowledge, this is the first study to evaluate the predictive value of TG/HDL-C ratio in according to renal function. Our three principal findings are: 1) Higher TG/HDL-C ratio independently predicts 12-month MACEs in patients with AMI; 2) The TG/HDL-C ratio also showed a similar predictive effect on 12-month MACEs in patients with normal renal function (eGFR ! 90 mL/min/1.73m 2 ) and mild renal dysfunction (eGFR ! 60 to < 90 mL/min/ 1.73m 2 ); and 3) The TG/HDL-C ratio lost its predictive value in patients with moderate renal dysfunction (eGFR < 60 mL/min/1.73m
2 ).
Since Gaziano et al. [14] first reported the predictive role of TG/HDL-C ratio for the risk of MI, several studies have also reported that this ratio is a powerful predictor of CVD risk and cardiovascular mortality [9] [15] . The followings are some suppositions for how TG/HDL-C ratio predicts worse cardiovascular outcomes. First, the TG/HDL-C ratio reflects the balance between atherogenic and protective lipoproteins. It also reflects the complex interactions involved in lipoprotein metabolism and can thus be useful in predicting plasma atherogenicity [16] . Second, inflammatory reactions may be another pathological mechanism. High TG and low HDL-C levels are strongly associated with the presence of small and dense LDL cholesterol particles [6] . These LDL particles are easily taken up by arterial tissue and are highly prone to oxidation. Accumulation of oxidized LDL cholesterol stimulates monocytes and macrophages to secrete proinflammatory cytokines and chemokines [17] . Lastly, insulin resistance may be a cause of pathology. The TG/HDL-C ratio is also known as an acknowledged marker of insulin resistance [18] [19] [20] . Razani et al. [21] reported that insulin resistance was an important contributor to the acceleration of atherogenesis. The predictive role of the TG/HDL-C ratio has been validated previously not only in the general population but also in patients with several metabolic disorders. Turak et al. [3] reported that a high TG/HDL-C ratio is associated with MACEs and with total mortality in patients with essential hypertension. Wan et al. [7] showed that the TG/HDL-C ratio is an independent predictor of all-cause mortality even after adjusting for traditional risk factors in patients with acute coronary syndrome. Zoppini et al. [8] demonstrated that high TG/HDL-C ratio is a risk factor for cardiovascular and all-cause mortality in type 2 DM patients. There have also been a few studies which evaluated the prognostic impact of the TG/HDL-C ratio in patients with chronic kidney disease [4, 10] . However, these studies did not report changes in the predictive value of the TG/HDL-C ratio in according to renal function.
In this study, we showed that the TG/HDL-C ratio lost its prospective value in patients with moderate renal dysfunction. We could not determine causality or the underlying mechanisms for this phenomenon. However, we speculate that unlike patients with other disorders, patients with renal dysfunction have several non-traditional risk factors for CVD, such as anemia, alterations in calcium and phosphorus metabolism, and volume overload [22, 23] . Malnutrition can worsen cardiovascular outcomes by aggravating existing inflammation, accelerating atherosclerosis, and increasing susceptibility to infection [24] . Some studies have failed to establish a significant association between dyslipidemia and CVD risk in patients with renal dysfunction [25] . There have been some studies that reported an inverse relationship between conventional risk factors and mortality in renal dysfunction. This paradoxical phenomenon has been called "reverse epidemiology" [26, 27] . Kalantar-Zadeh et al. [26] described this phenomenon in patients with end stage renal disease (ESRD) who were on dialysis. Csaba et al. [27] showed that patients with chronic kidney disease (CKD) who are not yet on dialysis also show this phenomenon. There must be some prevailing factors that make CKD patients more susceptible to CVD.
Our study has several potential limitations which should be considered. First, the GFR was not measured directly. Rather, it was estimated using the MDRD study equation. This could Comparison between patients with normal renal function, mild renal dysfunction, and moderate renal dysfunction. have led to an over-or underestimation of renal function. Second, some patients may have been misclassified because the baseline lipid parameters and serum creatinine were only measured once. We might have missed changes in the laboratory results, and the impact of such changes on clinical outcome could not be taken into account. In Fig 3A, middle tertile group showed lower MACE-free survival rate in first 200 days compared to high tertile group. This cannot excluded the possibility of changing values of serum creatinine or TG/HDL-C ratio at this time point. Third, we did not have information on the dosages of statins, concomitant drugs that impact the serum lipid profile. Although we took these things into consideration during analyses, we were not able to get the information. Fourth, we did not include some factors that could influence the occurrence of MACEs. For instance, nocturnal hypertension has been reported as an independent risk factor for cardiovascular disease [28] . Unfortunately, we could not check 24-hour ambulatory blood pressure in this cohort study. Fifth, this was an observational study in a very specific population. There might be some differences in MACEs in our study population versus the general population. In particular, the clinical follow-up duration was short, and the in inclusion criteria could have contributed to such differences. Accordingly, the results should be generalized with caution. Finally, we did not assess longterm clinical outcomes. Prospective clinical studies with a longer follow-up duration are needed to define the clinical role of the TG/HDL-C ratio.
There are also some strengths to this study. First, it was a population-based study and that included a large number of patients. Second, we adjusted for various established risk factors and multiple confounders in the outcome analysis. Finally, to our knowledge, this is the first study to investigate the predictive value of the TG/HDL-C ratio in detail according to renal function.
In conclusion, in patients with AMI, the TG/HDL-C ratio is a useful independent predictor of 12-month MACEs. However, this ratio lost its predictive power in patients with moderate renal dysfunction. Further longitudinal and comparative studies are needed to investigate the mechanisms underlying this phenomenon.
